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»Standards for Mathematical Practice
»Webb Leveling

http://pirll.tie.wikispaces.net/file/view/7_WebbLevelDocuments.pdf

» Three Shifts in Mathematics
»Assessment—Smarter Balanced

= DRAFT of Content Specifications for Summative Assessment of
CCSS-M, http://www.smarterbalanced.org/wordpress/wp-
content/uploads/2011/12/MathContentSpecifications.pdf

> Discussion
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Standards for Mathematical Practice

Make sense of problems and persevere in solving them.
Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated reasoning.
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Webb Leveling: Expectations for Student Performance

ACQUIRE

USE

EXTEND

LEVEL 1:
Recall

Recall of a fact, information or
procedure

LEVEL 2:
skill/Concept
Use information or conceptual

knowledge, two or more steps,
etc.

LEVEL 3:
Strategic Thinking

LEVEL 4:
Extended Thinking

Requires reasoning, developinga Requires an investigation, time to

plan or sequence of steps, some
complexity, more than one
possible answer

think and process multiple
conditions of the problem

1 Memorize

] Recall

1 Perform Procedures
1 Conduct Investigations
| Demonstrate,/Explain

O Perform Procedures

O Conduct Investigations

[0 Demonstrate/Explain

O Demonstrate Understanding
O Communicate Understanding
[0 Analyzefinvestigate

O Demonstrate Understanding
O Communicate Understanding
O Analyzefinvestigate

O Conjecture

O Generalize

[1 Prowe

O Analyze Information

O BEvaluate

OoOoooooon

O

Conjecture

Generalize

Prove

Analyze Information

Bvaluate

Solve

Mon-routing/make connections
Apply concepts/make
connections,

Generate/create

NOTE: although verbiage may indicate a lesson is written at a higher cognitive level, one must also consider the rigor [cognitive demand) and engagement expected of

students. Examplas:

Example 1 Students asked to create a list during a lesson would be demonstrating understanding at a Level 1, not a Level 4 as the verb cregte would indicate. A lesson written
at a Level 4 would ask the students to create an original artifact that demonstrates higher order thinking skills.

Example 2: Asking students to solve a problem would be a Level 2 sample of communicating understanding. Having students solve a problem, explain the sequence of steps
and prove their solution would be a Level 3 sample of communicating understanding.

Refer to the Descriptors and Cuestions for Webb Leveling guide for further details.

Adapted from Weab, Norman L. “Alignment, Depth of Knowledge, and Change,” Wisoonsin Center for Edumstion Resesrch,
Florida Ecucational Resesrch Assocstion 30th Anmual Mesting, 2003,

e
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THREE SHIFTS IN MATHEMATICS

» Focus strongly where the standards focus

» Coherence: Think across grades and link to major topics
within grades

» Rigor: In major topics, pursue with equal intensity:
= Conceptual understanding
= Procedural skill and fluency
= Application

Taken from Lessons Learned, a Smarter Balanced Webconference

2012 REMAST

Summer Conference




Shift One: Focus strongly where the CCSS focus

»The CCSSM significantly narrow the scope of content and
deepen how time and energy are spent in mathematics.

» Focus deeply only on what is emphasized in the standards,
so that students gain strong foundations

»Two levels of focus:
= What's in/What's out
= The shape of the content that is in (Major/Supporting/Additional
Targets)

Taken from Lessons Learned, a Smarter Balanced Webconference
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Shift Two: Coherence

Think across grades, and link to major topics within
grades

» Carefully connect the mathematics within and across
grades so that students can build new understanding
onto foundations built in previous years.

»Each year, we expect solid conceptual understanding of
core content and build on it. Each standard is not a new
event, but an extension of previous learning.

Taken from Lessons Learned, a Smarter Balanced Webconference
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Shift Three: Rigor

Equal intensity in conceptual understanding,
procedural skill/fluency, and application

»The CCSSM require a balance of:

= Solid conceptual understanding
= Procedural skill and fluency

= Application of skills in problem solving situations
» This requires equal intensity in time, activities, and
resources in pursuit of all three.

Taken from Lessons Learned, a Smarter Balanced Webconference
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SOLID CONCEPTUAL UNDERSTANDING

» Standards require that students know more than “how
to get the answer”

» Instructional and assessment tasks must provide
access to concepts from a number of perspectives to
show deep understanding

» Math is more than a set of mnemonics or discrete
procedures

» Conceptual understanding supports other aspects of
rigor (fluency & application)
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SOLID CONCEPTUAL UNDERSTANDING

Questions assessing understanding of a mathematical

concept can vary in length and format:

= Can be briefly stated and briefly answered questions that are simple to
answer if a student understands the concept, and difficult to answer if

the student does not—or slightly longer tasks that require students to
explain.

= |ong tasks probably drift away from the goal of assessing conceptual

understanding of a particular mathematical concept as called for in the
standards.

2012 REMAST

Summer Conference




SOLID CONCEPTUAL UNDERSTANDING

Some possible rules of thumb for conceptual understanding;:
= Ratchet down the computational skill required

= Have a concept in mind when you begin writing a task
= Understand the concept yourself. What are its basic components?

= Consider the ‘efficiency’ of the task - how many points are being generated in
how much time? How important is the topic?

= Task could be very easy to solve if concept is understood by the student

= Important that the format of these tasks are non-routine (tasks that assess

conceptual understanding are good candidate for technology enhancement for
this reason)

= Assessing conceptual understanding is about understanding if a student can
do pure mathematics. Does not include “transfer” to application setting.
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FLUENCY
The standards require speed and accuracy in calculation.

Fluency is called for explicitly in certain standards.

2.0A.2 Add/subtract within 20 (recall single-digit sums)
2.NBT.5 Add/subtract within 100

3.0A.7 Multiply/divide within 100 (recall single-digit products)
3.NBT.2 Add/subtract within 100

5.NBT.4 Add/Subtract within 1,000,000

5.NBT.5 Multi-digit multiplication

6.NS.2, 3 Multi-digit division

Multi-digit decimal operations
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APPLICATION

» The standards require that students use appropriate
concepts and procedures for application even when
not promoted to do so.

» Provide opportunities at all grade levels for students
to apply math concepts in “real world” situations,
recognizing this means different things in K-5, 6-8,
and HS.
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Smarter Balanced Assessment Consortium—group
that has contracted to create the assessments for
CCSS-M for some states, including South Dakota,
Montana, and Missouri.

Chris is on the Test Design work group.

Sharon is on the Performance Tasks work group.
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Observation: & set of Interpretation: The

specifications for methods and analytic tools
assessment tasks that will used to make sense of and
elicit illuminating responses reason from the assessment
from students ocbservations/evidence

Cognition: Beliefs about how
humans represent informatiocn and
develop competence in a particular
academic domain

The Assessment Triangle (NRC, 2001, p. 44)

Evidence-based design: Smarter Balanced is committed to using evidence-based design in ifs
development of assessments in the Consortium’s system. The Smarter Balanced approach is detailed in
the following section, but a brief explanation is as follows. In this document, four “claims™ are set forth
regarding what students should know and be able to do in the domain of mathematics. Each claim is
accompanied by a “Rationale”™ that provides the basis for establishing the claim as central to
mathematics. The claims and Rationales represent the “cognition™ part of the assessment triangle. For
each claim and Rationale there is a section representing the “observation” comer of the triangle. Here, a
narrafive description lays out the kinds of evidence that would be sufficient to support the claim, which
15 followed by tables with “Assessment Targets™ linked to the Common Core standards. Finally, the
“interpretation” corner of the triangle 1s represented by a section for each claim that lists the “Proposed
Reporting Categories™ that the assessment would provide.
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Claims for Mathematics Summative Assessment

Emr “Students can demonstrate progress toward college and career readiness in mathematics ™
Grades 3-8
Crverall . . . S

Claim fur Students can demonstrate college and career readiness in mathematics.

Grade 11

~laim £1 Concepts & Procedures “Students can explain and apply mathematical concepts and
interpret and carry out mathematical procedures with precision and fluency.™
Problem Solving “Students can solve a range of complex well-posed problems m pure

Claim #2 | and applied mathematics, making productive use of knowledge and problem solving
strategies.”

~laim £3 Communicating Reasoning “Students can clearly and preciselv construct viable
arguments to support their own reasoning and to critique the reasoning of others.™

S Modeling and Data Analysis “Students can analyze complex, real-world scenarios and

can construct and use mathematical models to mnferpret and solve problems.”™
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Sample Mathematics ems and Tasks
Middie / Hgh School

Claim 1: Cancepts and Procedures | Grade: 8 - HS

Comparison to Traditional State Test
Item(s)

Item Stem

The equation of a circle on the coordinate plane is
(x—h)+ (y=k)*0=r*

where 7 and & are the x and v coordinates of the center

af the circle and ris its radius.

A circle with radius 4 is centered at the origin. Give the
v-values for all points on the circle with x-coordinate 1.

This item is similar to a traditional itemn, which is
impartant to note. Mot all items will be "new™ ar
"Innovative.” They will provide evidence related
to the Smarter Balanced claims and targets.

Adaptive testing allows an itemn that woaould
typically be given only an a high school test to
be delivered in Grade 2. This item would not
appear below Grade 8 because opportunity ta
learn (equations with exponents) plays a rale in
determining grade appropriateness of content.

This is a canstructed response item as opposed
to a traditional selected respanse, which malkes
guessing a poor strategy.

Adaptive Versions
Can also be given without the formula to male

trigonometric approaches mare likely.

Source: Smarter Balanced &ssessment Consartium
Supplemental Samples

The adaptive version (without the formula)
differs from traditional items because it makes
multiple approaches mare feasible, particularly
since the equation for a circle is not ane that
students typically memarize
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r Y e o i oo o Sample Mathematics ems and Tasks

. Balancea Middle / High School

Claim 2: Froblem | Grade: HS Comparison to Traditional State Test

Saolving Item({s)

Item Stem This item integrates content from across
grades, a feature not very prevalentin

A circle has center at (6, 7) and goes through the existing assessment items, which are often

point {1, 4). Give the coordinates for the center of a designed with specific grade level focus.

circle that is tangent to the first at the point {1, 4) Students’ understanding of each topic

and half the area. Show vour worlk or explain how below contributes to his/her success in

yvou gok vaur answer. solving this prablem:

Adaptive Versions * Arez of circle [_Grs_lde 7 i

Lower difficulty by replacing the "half the area” with * Alldrcles are similar (HS)

"came area.” # Using similar ttlarglea to understand

slope (Grade 2)
- - - # Eguation of a2 circle (HS)
Source: Smarter Balanced Assessment Consortium + Definition of tangent [HE)
Supplemental Samples
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Sam ple Mathematics ems and Tasks
Middie / High School

Claim 3: Communicating Reasoning Grades: 7 - H=

Comparison to Traditional State
Test Item(s)

Item Stem

Isabel says thatthere is exactly one circle through any two
distinct paints. If Isabel is correct, explain why, using
drawings as necessary. If Isabel is not carrect, draw and
label an example to show why she is not correct.

Adaptive Versions

Change argument to say "three distinct points™ OR change
argument so that one of the two distinct points is the circle’s
center.

Source: Smarter Balanced assessment Consortium
Supplemental Samples

Traditional iterns have often been
written to align neatly to individual
standards ar subparts of standards.
This sample item captures the idea of
understanding the circle {(which
students have been studying since
Kindergarten, including an in depth
study of angle measure through the
lens of the circular arc in Grade 4).

In Grade 7, the task could be aligned
to the cluster level, "Draw, construct,
and describe geametrical figures and
describe the relationships between
them,” as well as one ar more
Standards for Mathematical Practice.
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Sam ple Mathematics tems and Tasks
Middie / Hgh School

Claim 4: Madeling and Data Grades: & - HZ

Analysis

Comparison to Traditional State Test
Item({s)

Item Stem

The picture shows children
holding hands around the .
circumference of Earth.
How many children holding
hands would actually be
needed to surround Earth?
Write down all assumptions
yvou make and mathematics
vou use to support vour
ANSWEr.

The volume of the earth is approximately 108.321
¥ 104 e,

Adaptive Versions
Lower difficulty by changing the given information
(e.g., instead of volume, give radius of Earth).

Source: Smarter Balanced Assessment Consartium
Supplemental Samples

Items designed to collect evidence for Claim
4 represent a significant change in thinking.
Many of these items/tasks ask students to
make reasoned estimates or assumptions
as part of the problem solving process. In
this particular item, the student has ta
consider the "size” of a typical "child.” The
studentis asked to write down his/her
assumptions sao that item scaring can factar
in student assumptions.

Claim 2 and Claim 4 items both require
students to develop chains of autonomous
reasoning, but Claim 2 items are considered
well-posed, whereas Claim 4 items may
require students to arganize information a
bit mare and contribute information to the
praoblem in ways they have not been asked
to do in past assessments. The wide range
af acceptable responses for many Claim 4
iterms makes a handsoorning requirement
likely.
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Sam ple Mathematics iems and Tasks

Middle / High School

Claim 1: Concepts and Grades: HS Comparison to Traditional
Frocedures State Test Item(s)
Item Stem The multi-part selected

Foritems 1a - 1e, determine whether each

equation is True or False.

la. 32 = 2€ True

1b. 1&6- = & True

1c. 4% = 354 True
_ R 5

1d. 2% = |16 | True

1e. [fB4)F = g% True

False

False

False

False

False

response items provide
information on fluency and
depth of understanding. Since
these itermns ask students to
respond to multiple parts,
efficiency with certain skills 1s
critical to students’ success.
These items measure depth of
understanding as different
parts of the item tap into
slightly different mental
processes.

The consortium will explore
the depth of understanding
assumption in its cognitive
labs during summer 2012,

Responses to this item will receive 0-2

points, hased on the following:

2 points: TTFTF

1 point: TTFTT, TTFFF, TTTTF, TTFFT, TTTFF

0 points: Al other possibilities.

Source: Smarter Balanced Assessment

Consortium Item Specifications
MAT.HS.SR.1.00MEN.A.152

Multi-part selected response
iterns can be scored as 0-1 or
0-2 depending an the depth of
understanding required for the
item (e.g., whetherit is
possible across the parts of
the item to determine if a
student has no understanding,
some understanding or full
understanding.
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Sam ple Mathematics ems and Tasks
Middle / Heh School

Claim 1: Concepts and Procedures

Grades: & - HS

Comparison to Traditional
State Test Item(s)

Item Stem

the solution to the inequality.

Match gach inequalityinitems 1 - 3 with the number linginitems & - F thatrepresent

k

@ 4y < -12 &
5433210123456
B
543210123456
(2) [2x+2) <8 C
e S 4321012234568
O
P S - R T
@ 5—2x<2-x E
6 5432-1 01 23456
-

- =5 =4 =3=-2=-1 0 1 2 3 4 5 6

4 5 i § ! o ;
1 t -

Content demands are
typically higher. Compare ta
this traditional math items faor
Grade 8.

2 Wrile the inequality below in words
8=

(i the inexabty on the exmber b Label the inberval:

MAT.H5.TE.1.0AREI.I.O&S2

Source: Smarter Balanced Assessment Consartium Item Specifications

Source: WA Released

metp:/ vrarer. ik 12, wial. s ath =m athos)

bodocs ckEulde ER8 ggt
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Sam ple Mathematics liems and Tasks
Middle / Hgh School

Claim 2: Prablem Solving Grades: 4 - &

Comparison to Traditional State Test Item(s)

Item Stem

Elavators

Axniy and Thosb drive dnio e Tanemet
warnge of E spesiascl bleck o vl
agiy imollial Wh Bvei o e |10 N
Ty dhecills 1 kg deflerem dievman

Ty both ot s i ateons ol s e B

Thea i wikat haprers to the elevaton

(sl sl alslalalslalsla]slsls]
l-u---x=:

Anna's dbivater Db’y elesvatar
Thee hevabior waits % seootsds before # Thae whevalon waits 14 sooonds beliore
s moTing if L moving

11 len 7 wocomads b po g cuch Boor. N ks ¥ wocoisdh 10 g0 i each (oux

T e desii il 1o Bl i
sessbart flesnr 11

T chevidod sops o [k & B

13 sponds,

How long does it take &nna‘s elevator to reach
floor 117 Show all the steps vou take to solve
this problem.

Who arrives at floor 11 first, Anna or Bob? Show
all the steps vou take to solve this problem.

Contexts in new assessments are used to enhance
content. Compare the example on the left {(where the
contextis necessary) to this traditional assessment
problem where the context adds unnecessary text.

The boundaries of a section of Anita's ranch are plotted on the coordinase plane
below, Each vorex on the grid has intoger covedinases.

RANCH BOUNDARIES

3

. b
' .
F“’"'—-—'ET_JW,,_ L
( T
| = 5
i L =
FiE T W] TEEE]
I; 1 /‘F*
L
: ¢

-

What is the slope of the segmiont that reprosenis (the east fence on the graph?

Item Source: Smarter Balanced Assessment
Consortium Mathematics Cantent Specifications

Item Source: 2011 FCAT Sample Questions

http: et Bdos_ angpdiisampls/ 101 Iimath/FLEZI ST _Grl _TE_WT_r3g.p
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F 7 iy e cample Mathematics ems and Tasks

. Dalanced Middle / High School
Claim 2: Problem Solving Grade: HS
Item Stem

The figure below is made up of a square with height, /b units, and a right
triangle with height, A units, and base length, & units.

N

[
The area of this figure i1s 80 square units.

Write an equation for the height, A, in terms of b. Show all worle necessary
to justify vour answer.

h =

Source: Smarter Balanced Assessment Consartium Item Specifications
MAT.HS.CR.2.0A55E.A.005
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Claim 1: Concepts and Procedures | Grades: 7 - HS

Item Stem

A result of global warming is that the ice of some glaciers is melting. Twelve
vears after the ice disappears, tiny plants, called lichen, start to grow on
the rocks.

Each.ichen grows approximately in the shape of a circle. The relationship
between the diameter of this circle and the age of the lichen can be
approximated with the formula:

d=7.0x({t —12)fort=12

where d represents the diameter of the lichen in millimetres, and t

represents the number of years after the ice has disappeared.

Using the formula, calculate the diameter of the lichen, 16 years after the
ice disappeared. Show yvour calculation.

Adaptive Versions (Some adaptations may resultin an appropriate
item for Claim 2, 3, or 4)

Give a value for the diameter instead of time; include a measurement
conversion; Graph the change in radius over time and discuss the shape of
the graph; Examine the area of 2ach.lichen.

Source: PISA 2006 Released Item (M0O47: Lichen)
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F " sy iy o Sample Mathematics iems and Tasks

A Ddidrncedad Middle / High School
Claim 3: Communicating Reasoning | Grades: 5 - 7

Item Stem

40

Which of the figures has the largest area? Explain your reasoning.

Source: PISA 2006 Released Item (M158: Shapes)
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Claim 2: Problem Salving | Grades: 7 - &
Item Stem
In a sale, all the prices are reduced by 25%G.

1. Julie sees a jacket that cost 32 before the sale. How much does it
cost in the sale? Show your calculations.

In the second week of the sale, the prices are reduced by 25%
of the previous week’'s price. In the third week of the sale, the
prices are again reduced by 25% of the previous week's price.
In the fourth week of the sale, the prices are again reduced by
25% of the previous week’'s price.

2. Julie thinks this will mean that the prices will be reduced to 50 after
the four reductions because 4 x 25% = 100%. Explain why Julie is
wrong.

3. If Julie is able to buy her jacket after the four reductions, how much
will she have to pay? Show yvour calculations.

4, Julie buys her jacket after the four reductions.
What percentage of the original price does she save? Show vour
calculations.

Source: Smarter Balanced Assessment Consortium Mathematics
Content Specifications
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Claim 4: Modeling and Data Analysis | Grades: 6 - &

Item Stem

Fam is thirteen today.

She is holding a party at which she plans to play the game "Wrap the
mummy'.

In this game, players try to completely cover themselves with toilet
paper.

A roll of toilet paper contains 100 feet af paper, 4 inches wide.
Will ane tailet roll be enough to wrap a persan?

Describe your reasaning as fully as possible.
You will need to estimate the average size of a thirteen-vear-old.)

Source: Smarter Balanced Assessment Consortium Mathematics Cantent
Specifications
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Claim 3: Communicating Reasoning

Grades: & - &

Item Stem

Max bought 2 items in a sale.
Cne item was 10% off.

Cne item was 20% off.

Max says he saved 15% altogether Is he right? Explain.

Source: Smarter Balanced Assessment Consartium Mathematics

Content Specifications
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Discussion and Questions
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